In organ donation, the donor, recipient, and transplant team must all accept potential health risks to the donor and any uncertainties. To gauge these risks, we surveyed general altruism and risk-taking behaviors in 112 potential donors, 111 potential recipients, and 51 transplant professionals. Next, participants indicated their risk thresholds for long-term donor hypertension, cardiovascular disease, and kidney failure that would stop them from pursuing living donation and their willingness to proceed when risks were uncertain. The three groups had similar general altruism and risk-taking behaviors. Potential donors were significantly more willing to accept greater long-term donor risks than potential recipients and transplant professionals. Moreover, these potential donors were significantly more likely to agree that living donation was acceptable when long-term donor risks were uncertain. Potential kidney donors readily accept high long-term risks, whereas potential recipients were the most averse to donor risk. Our study shows that transplant professionals facilitate the best decisions by appreciating the willingness of their patients to accept donor health risks along with their own risk tolerance.
Living donor kidney transplantation has increased substantially over the last decade due to an increasing need for organs and a shortage of deceased donor transplants. 1 Living donation offers the potential benefits of a shorter waiting time and superior graft and recipient survival compared to deceased donor transplantation. 2 Although major short-term donor risks are documented to be low, [3] [4] [5] the long-term risks of hypertension, kidney failure, and premature cardiovascular disease to donors are less certain. Published studies cite different estimates of morbidity and suffer from methodological limitations. [6] [7] [8] [9] Living kidney donation is a complex medical decision. Transplant professionals, potential recipients, and their living donors must carefully consider the potential health benefits to the recipient, the altruistic benefits to the donor, the degree of donor risk, and everyone's comfort with the procedure. 7, 8, 10, 11 Some transplant centers also accept living donors with pre-existing medical conditions, such as hypertension, 6 who were previously considered medically unsuitable. The risks for such donors are uncertain; without well-formulated data, these risks have been approximated from general population rates. 12 The thresholds for acceptable donor risk and uncertainty often differ between potential donors, potential recipients, and transplant professionals. Research has shown that although potential and actual kidney recipients are very concerned about harming a living donor's health, donors are extremely motivated, even to the point of ignoring personal risk. [13] [14] [15] [16] In addition, transplant professionals are often conservative risk takers, particularly when protecting the donor with uncertain risks. 17 Studies to date have yet to quantify the levels of donor medical risk that individuals, in a tangible position to pursue living donation, would find prohibitive. Knowing whether donors are generally willing to accept two, 10, or a 100 times more risk than their transplant professionals and intended recipients will improve current discussions in living donor transplantation. Moreover, this information could help define the impact that future estimates of long-term donor risk, determined from methodologically rigorous studies, will have.
In this study, we quantified the tolerances of potential donors, recipients, and the transplant team for donor risk and the acceptability of donation when long-term risks are uncertain. We then compared perceptions between groups and with estimated risk levels for nondonors.
RESULTS Participants
Of the 460 eligible individuals approached for study participation, 274 (111 potential recipients, 112 potential donors, and 51 transplant professionals) completed the survey (response rate: 60%). The reasons for nonparticipation are described in Figure 1 , and the characteristics of study participants are described in Table 1 .
Of the 111 potential recipients, 62 (56%) had K/DOQI stage 5 chronic kidney disease requiring dialysis or a kidney transplant; the reminder had K/DOQI stage 3 or 4 chronic kidney disease. Those on dialysis were treated for an average of 2.3 years (range 0.1-15 years).
Of the 51 transplant professionals, 27 (53%) were nephrologists, 5 (10%) were surgeons, 13 (26%) were living kidney donor coordinators, 7 (14%) were social workers, and there was one psychologist. Professionals cared for living kidney donors for an average of 7 years (range 1-20 years) and 63% were involved in the ongoing care of transplant recipients. Of all transplant professionals surveyed, 56, 37, and 18% knew of at least one donor who had developed hypertension, kidney failure, and had a myocardial infarction, respectively.
A total of 278 potential donor-recipient relationships were identified (some potential recipients identified more than one potential donor). Potential donors were spouses (30%), siblings (25%), children (17%), parents (9%), and extended family members or friends of their recipients (19%).
Potential donors were more likely to be female (P ¼ 0.002) and Caucasian (Po0.0001). As expected, education and employment status were highest among transplant professionals (Po0.0001). There were no differences in altruism and risk taking across the three groups. Many participants had previously considered living donation; 55% of potential donors and 23% of potential recipients were being evaluated for living kidney donation.
Tolerance for donor risk of hypertension
Seventy-eight percent of potential donors were willing to accept levels of hypertension risk that were greater than what is expected in healthy nondonors, compared to 34% of potential recipients and 68% of transplant professionals (Po0.0001) (Figure 2 ). It is worth noting that 47% of potential donors would be willing to accept a risk of hypertension over a 10-year period X50% (over three times higher than the estimated risk of 15%), whereas only 12% of potential recipients and 24% of transplant professionals had similar thresholds. Potential donors, recipients, and transplant professionals most commonly selected risk thresholds of 1 in 1 (26%), 1 in 10 (29%), and 1 in 4 (22%), respectively.
Tolerance for donor risk of cardiovascular disease
Seventy-one percent of living donors were willing to accept levels of cardiovascular disease risk that were greater than what is actually expected in healthy nondonors, compared to only 27% of recipients and 51% of transplant professionals (Po0.0001) (Figure 3 ). Fifty-six percent of potential donors would accept a 10-year incidence of cardiovascular disease X10% (over three times higher than the estimated risk of 3%), whereas only 14% of recipients and 22% of transplant professionals shared similar beliefs.
Tolerance for donor risk of kidney failure
Of the potential donors, recipients, and transplant professionals surveyed, 77, 38, and 50% had respective thresholds for kidney failure exceeding the estimated risk level for healthy nondonors (Figure 4) . Notably, 43% of potential donors would accept a 20-year incidence of kidney failure X10% (100 times the estimated risk of 0.1%), whereas only 11% of recipients and 6% of transplant professionals accepted donation with such a level of risk. Potential recipients had the most conservative risk thresholds: 28% would not be willing to accept any risk of kidney failure for their donors whereas more than a quarter of potential donors had risk thresholds for kidney failure of one in two or more. 
Acceptability of donation when donor risks are uncertain
Opinions about the acceptability of donation when long-term donor risks are uncertain are presented in Figure 5 . Sixty-one percent of potential donors agreed or strongly agreed with living donation being acceptable in the setting of uncertain long-term risks, whereas only 11% of recipients and 32% of transplant professionals shared similar beliefs (Po0.0001).
Additional analyses
The differences in risk thresholds between potential donors, recipients, and transplant professionals remained significant after adjusting for gender, race, education, altruism scores, and risk-taking scores (hypertension risk Po0.0001; cardiovascular disease risk Po0.0001; kidney failure risk Po0.0001). Participants who had a high tolerance for one specific donor medical risk were more likely to have a high tolerance for other donor risks (Spearman rank correlations ranged from 0.54 to 0.84). There were no differences in risk thresholds by mode of survey administration or severity of kidney failure. There High scores indicate more self-reported altruism. Those who score higher are more likely to be seen by their peers as altruistic and are more likely to have a history of altruistic behaviors. 18 Possible scores ranged from 20 to 100. Differences between groups were not significant. Higher scores indicate greater risk taking. Minimum and maximum possible scores are 1.00 and 5.00, respectively. Differences between groups were not significant. were also no differences among subspecialties of transplant professionals (P ranged from 0.06 to 0.21), except for the risk of hypertension (P ¼ 0.003) where transplant nurses appeared to be more risk averse. When the analyses were restricted to those with prior knowledge of living kidney donation, risk tolerances were visually similar to Figures 1-4 and differences remained statistically significant (P ranged from o0.0001 to 0.002). Similar results were observed when we restricted the sample to those in the living donor evaluation process (P ranged from o0.0001 to 0.031) and to transplant professionals who practiced in the same geographical region as recruited potential donors and recipients.
DISCUSSION
In this study, we clearly quantify differences between potential donors, potential recipients, and transplant professionals in attitudes and thresholds when it comes to longterm risks of donor medical complications. Although there was variability within groups, in general, potential living donors are willing to accept the most risk and recipients are very cautious, even more than transplant professionals. Potential donors are also more likely than potential recipients and transplant professionals to consider donation acceptable when long-term donor risks are uncertain.
Risk tolerance of transplant professionals, potential recipients, and potential donors
In the living donor situation, both the recipient and donor have their own motivations and beliefs that lead them to accept a certain level of donor risk. Whenever discussing living donation, transplant professionals must appreciate the willingness of the potential donor and recipient in front of them to accept health risks to the donor, and likewise, must be aware of their own risk tolerance. Interestingly, these data highlight the substantial variation in risk thresholds even among transplant professionals. For example, 51% of transplant professionals indicated 0.1% as their highest acceptable level for donor risk of kidney failure over a 20-year period, whereas 34% selected thresholds of 1% or more (at least 10 times the threshold of their colleagues).
The data highlight the extreme, perhaps even unwarranted, level of caution that some potential recipients have for donor risk. Although most transplant professionals were willing to accept low levels of long-term donor risk, at least 22% of recipients would not allow their donors to undertake any risk for the outcomes presented. This may relate to having a more real and personal understanding of the impact 
group who selected each specified threshold. Participants were told that the expected 10-year incidence of cardiovascular disease is 3% (1 in 33) among healthy middle-aged adults who are not kidney donors. of chronic illness, the guilt of never being able to repay a donor for their gift, feelings of being unworthy of such a generous act, or a lack of understanding of the motivations of living donors. 15, 16 A potential recipient's discomfort may also relate to inadequate education. As a part of their education, potential recipients could receive materials on how best to interpret estimated risks for various medical sequelae for their particular donor, including the presence of uncertainty when it exists. Comparing risks to those commonly assumed each day, such as having a car accident, may help some recipients to understand better. 19 This, however, must be done without ever discounting recipient concerns; complete disclosure of long-term donor risks and acknowledgment of uncertainty 9 may cause some recipients to opt out of this treatment option. In such cases, transplant professionals should directly proceed to listing potential recipients on the deceased-donor transplant list, and continue to participate in educational efforts that maximize the availability of deceased organs in their community. Complicating the educational efforts of potential recipients is the need for more precise estimates of long-term donor risk, and limited time in practice to cover all the complexities of the medical assessment. Donor confidentiality also requires that permission be obtained to share their personal medical history, as it relates to future risks (for example, sharing with the recipient that a potential donor has a pre-existing medical condition that puts them at greater or uncertain long-term risk).
Most donors are motivated to help improve the health of a loved one. In this study, a quarter of donors were willing to proceed even when their risk of kidney failure over a subsequent 20 years was 50% or more. Conversely, almost all transplant professionals felt uncomfortable with a rate greater than 5%. Better education could possibly temper donors' enthusiasm. When a potential donor has a pre-existing condition that puts them at substantial risk for a future event, 20 it has been suggested that the transplant team should feel ethically comfortable to refuse even when it supersedes the donor's right to autonomy.
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Strengths and limitations of this study
This study is not without limitations. First, participants provided their thresholds for donor risk without a 'cooling off ' period before deciding. Though many donors do make immediate and unwavering decisions, 13 some require the time to make a careful assessment. 23 However, when we restricted the analyses to the 72% of potential donors and 60% of potential recipients who had previously considered living donation, the results were no different.
Second, potential donors' higher tolerances of risk may be because they can not appreciate or do not understand the risks as well as someone who has or treats kidney failure. 24 Herein, baseline characteristics, including general altruism and risk-taking scores, were similar between the three groups. All participants were also provided with standardized print information, using recommended methods to communicate varying levels of risk. 25 Third, in the face of difficult decisions within an emotional context, some participants may have disregarded the probabilistic information provided. 26, 27 Some recipients had donor-risk thresholds of 0% whereas a small percentage would accept a donation, knowing their donors would inevitably experience an adverse health outcome. Such recipients might have considered donor age, the long latent period of developing the condition or might have understood that donors are screened to be healthier than the general population. 28 Even if the question was misunderstood, this would only increase the between-group variability, suggesting an even more striking difference in risk tolerance than observed.
Forth, convenience sampling resulted in a diverse study group. In other studies, group differences were due to the use of two different modes of survey administration. 29 Here, we confirmed that this was not the case. Furthermore, the geographic diversity of our sample may have exaggerated differences; however, an analysis restricted to transplant professionals practicing in the same region as recruited potential donors and recipients revealed that the results were no different.
Finally, an inherent limitation of self-report is response bias (for example, Hawthorne effect: participants try to please the researcher; 'self-lifting' bias: respondents answer to appear favorably). To minimize such biases, we assured participant confidentiality and avoided leading questions and value-laden terms.
Future research
Future research should explore reasons for the marked variation in risk thresholds between these three groups as well as other factors in the decision to pursue living donation. Effective educational strategies are needed to better communicate benefits and risks, and resolve misperceptions. 16, 30 Such efforts may encourage some potential recipients to take a more proactive role in seeking a live donor, 16, 23, 31 and allow some donors to make a more informed decision. Undoubtedly, this will improve the overall satisfaction with the transplant process.
MATERIALS AND METHODS Study setting, participants, and design
In 2006, we performed a cross-sectional observational study of a convenience sample of potential recipients, potential donors, and transplant professionals. Participants were recruited from nephrology clinics, living donor clinics, chronic kidney disease-teaching sessions, and dialysis units in London, Ontario, and Winnipeg, Manitoba. To meet the target sample size, additional transplant professionals were recruited from 11 other centers.
Potential recipients were between 18 and 70 years of age and either received dialysis or had US National K/DOQI stage 4 or 5 chronic kidney disease. 32 At the time, all potential recipients were wait-listed for transplantation or not yet listed with no obvious contraindication to living transplantation. All potential recipients were required to indicate that they would consider accepting living donation. We refrained from recruiting potential recipients who expressed that they would never accept a kidney from a living donor under any circumstance, as their inclusion would obviously exaggerate any observed difference in risk tolerance between potential donors and recipients.
Potential donors were between 18 and 70 years of age and were relatives or friends of someone meeting the above potential recipient criteria. All were interested in pursuing living donation. Potential donors had no obvious contraindication to donating a kidney; those with cancer, diabetes, or other serious medical conditions were not eligible to participate. To avoid clustered sampling, each donor in this study was associated with a maximum of one potential recipient.
Transplant professionals were nephrologists, surgeons, living donor coordinators, social workers, and a psychologist who cared for at least three living kidney donors in the last year.
Participants were recruited in person or by mail. After obtaining written consent, standard print information was provided to all participants. General details included the benefits of a reduced wait time for recipients, better graft and recipient survival, risks of postoperative complications for donors and recipients, risks of early and late graft failure, and short-and long-term donor medical risks. 33 After reviewing the information, participants completed the survey. A research assistant was available, either in person or via telephone, to clarify questions about the survey.
Survey
The survey questions were developed by a group of nephrologists and epidemiologists involved in living kidney donation. Once developed, the questions were pilot tested on a small group of potential donors, recipients, and transplant professionals to ensure that questions were being interpreted accurately.
Demographic data and the relationships between potential recipients and donors were collected. Participants also completed two validated scales measuring altruism and risk taking. The SelfReport Altruism Scale is a 20-item questionnaire that asks participants to indicate the frequency with which they carry out various altruistic acts (1 (never) to 5 (very often)). 18 This scale demonstrates high internal consistency 34 and correlates well with peer ratings, situational tests, and other measures of altruistic tendency. 35 The Domain-Specific Risk-Taking Scale 36 is a 40-item questionnaire that assesses propensity for general risk-taking behaviors across six domains: financial (gambling), financial (investment), health/safety, recreation, ethical and social on a fivepoint scale (1 (very unlikely) to 5 (very likely)). This scale is applicable in clinical environments 37 and exhibits good reliability across age groups and cultures. 38 We assessed each participant's tolerance for the possible donor risks of long-term hypertension, kidney failure, and cardiovascular disease. For each sequela, participants were provided with general information and then asked to indicate, on a scale of increasing probability, their highest threshold of living donor risk that they would be willing to accept. The responses were then compared to the expected rates of events for nondonors, taken from the medical literature with some reductions to account for the excellent health status of donors compared to the general population. We cited that 15% of healthy middle-aged adults (aged 30-69 years) develop hypertension over a subsequent 10-year period; 0.1% develop kidney failure over a 20-year period; 3% develop cardiovascular disease over a 10-year period (see Technical Appendix). 28, 39, 40 All probabilistic information was presented as natural frequencies such as an event rate of 1 in 1000 for donors. 25 We also assessed each participant's opinion about the acceptability of having a living donor transplant in the setting of uncertain long-term donor risks. General information on living kidney donation in the presence of pre-existing donor medical conditions, such as hypertension, was provided. Participants indicated their opinion on a five-point Likert scale, ranging from 'strongly disagree' to 'strongly agree' .
Statistical analysis
We hypothesized a priori that donation would be acceptable for potential recipients when long-term donor risks were minimal, whereas an acceptable threshold and tolerance for uncertainty would be higher in potential donors; 16, 41 transplant professionals were hypothesized to have tolerances in between.
Sample-size calculations were based on the two-sample, twosided Mann-Whitney U-test (a ¼ 0.05). With 100 potential donors, 100 potential recipients, and 40 transplant professionals, we had 80% statistical power to detect if a randomly selected potential donor had a higher risk-tolerance level than a randomly selected potential recipient, with probability of at least 0.6 if in truth it did exist. 42 Similar sample-size calculations were performed comparing potential donors to transplant professionals.
To test for baseline differences between the three groups, we used a one-way analysis of variance and Fisher's Exact test. A Kruskal-Wallis test was used to determine if our three groups differed in their risk tolerance for each adverse donor outcome and uncertainty. Linear regression was used to determine if risk thresholds varied between groups after adjusting for demographics, altruism, and risk-taking behavior. To satisfy the assumptions of linear regression, the data were rank transformed. The Mann-Whitney U-test was used to see if outcomes differed by survey modality, severity of kidney failure, knowledge about living donation, or entry in the evaluation process. We also determined Spearman rank-order correlations between each pairwise combination of outcomes. All analyses were performed using SPSS 14.0 (Chicago, IL, USA) and SAS 9.1 (SAS Institute, Cary, NC, USA).
Blood pressure is the amount of force moving the blood through the arteries. Most people are unable to tell if their blood pressure is higher than it should be. If someone develops high blood pressure (also called hypertension), it can stress their heart and blood vessels. This makes a future heart attack, stroke or kidney disease more likely. Most people with high blood pressure need to take pills every day to reduce their risk of future heart attacks and strokes. These pills usually don't cause any problems, although side effects can occur.
High blood pressure is a common condition: 15% of middle aged adults (1 in 7) will develop it over a 10 year period. Almost all people who live to the age of 80 will develop high blood pressure.
The kidneys regulate blood pressure. If someone donates one of their kidneys to another, his/her chance of developing high blood pressure may be higher than 15% (1 in 7) over a 10 year period.
Please respond to the following statement by checking the highest amount that you would accept. TECHNICAL APPENDIX: Questions for the assessment of risk tolerance and living donation in the condition of uncertainty. Note: the following questions were taken from the donor survey. Each question was tailored to the group being surveyed.
----------
A normal heart is a strong, muscular pump a little larger than a fist. The heart's job is to pump blood through blood vessels and organs delivering oxygen and nutrients. A heart attack occurs when the blood supply to part of the heart muscle itself is severely reduced or stopped. This can result in disability or even death, depending on how much and where the heart muscle is damaged. A stroke is a sudden loss of brain function caused by the interruption of the flow of blood to the brain or the rupture of blood vessels in the brain. The effects of a stroke depend upon where the brain was injured as well as how much damage occurred.
Over a 10 year period, it is expected that 3% of healthy individuals will develop a blockage in their blood vessels which will result in a heart attack or a stroke.
The kidneys play an important role in maintaining the health of a person's blood vessels. If someone donates one of their kidneys, his/her chance of developing a heart attack or a stroke may be higher than 3% over a 10 year period.
